Background
This paper provides a 10-year (1994 -2004) review of the state of mathematics and physical science education (SME) in South Africa with respect to participation and performance, and its relationship with policy implementation. The framework for this paper is guided by two broad questions:
• Which key policy initiatives were conceptualised, developed and disseminated in the last ten years?
• How has the system performed in respect to the participation and performance rate in mathematics and science education since 1994? Through interviews, we also provide an overview of the voices of stakeholders (subject advisors, teachers and senior officials). The interviews were conducted in order to illuminate the challenges in translating policy to practice. Any adjudication of government policies in respect to physical science, mathematics and technology education (SMTE) should be read within the assumption that within ten years (1994 -2004) there would have been less dramatic changes in the performance of what was one of the most divided education systems in the world.
In this paper, the ten-year period is divided into two periods, 1994 -1999, and 1999 -2004 . The period between 1994 -1999 is described by policy analysts as the policy formulation era. This is a period that was marked by the establishment of a unified, democratic and accountable system of government. The second period (1999 -2004) , described as the policy implementation era, is marked by dissemination of government policies.
The era of policy design and development 1994 -1999
South Africa has produced formal policies and legislation as part of education reform. These include: White Papers (DoE 1995), National Education Policy Act (DoE, 1996a) , South African Schools Act and National Norms and Standards for School Funding (DoE, 1996b) , Employment of Educator Act (RSA, 1998) , Language Policy and Admission Policy (1996) , as well as the Human Resource Development Strategy (DoL, 2001b) . The Reconstruction and Development Programme (RDP) document laid a firm foundation for the design of all these policies. Its goals with respect to SME were:
• An appropriate mathematics, science and technology education that is essential to stem the waste of talent.
• Rewriting the schooling curriculum and raising the quality of learning and teaching through in-service education of teachers (INSET) and upgrading the professional competence of teachers. Following the RDP document, the White Paper on Education and Training (DoE, 1995) outlined 'the most direct way' of redressing the imbalances of the past around issues of SME. These papers indicated that special initiatives were needed to prepare learners for subjects in short supply and noted the following, • Only one in five black learners choose physical science and mathematics in standard 8 (grade 10), and the trend of performance in the senior certificate examinations has been low overall, with a particularly dismal matriculation exemption rate among learners taking these subjects at higher grade.
• Fewer black learners with science and mathematics qualify for normal entry to higher education. South African policies aim to bring equity and redress in education. However, under South African contextual conditions and reality, to what extent could these policies be implemented? Are there some doubts whether these policies are achieving their intended objectives? Have these policies increased the participation and performance rate in mathematics and science? To what extend have they increased? This will be revisited later in the paper.
The era of policy implementation 1999 -2004
Curriculum innovations and development The introduction of Curriculum 2005 in February 1997 marked a major school reform initiative in education. This new curriculum, based on a constructivist epistemology, initiates learners into what Stenhouse (1976) calls 'worthwhile activities' ranging from hands-on activities, group discussions, project work, etc. While the conceptual design of C2005 seemed plausible, the implementation proved to be a challenging exercise. The first problem in implementation was the failure to estimate the extent to which resources would be a constraining factor. The second shortcoming was the impracticality of providing in-service training to all teachers in the General Education and Training (GET) phase of schooling. A review of the curriculum acknowledged deficiencies in design and content. This resulted in a streamlined curriculum in terms of learning areas that also reduced use of complicated terminology. In a sense, the Revised National Curriculum Statements (RNCS) overcame the fundamental flaws of C2005.
Human Resource Development Strategy
Initiatives in mathematics and science were initially set out by the RDP document and White Paper on Education and Training (1995) . South Africa's president reiterated the centrality of these subjects in two State of the Nation addresses (2000 and 2001) . Following this, the ministers of labour and education jointly launched the Human Resource Development (HRD) Strategy for South Africa in June 2001. A practical initiative coming from the strategy was the creation of the 102 Dinaledi Schools ('Creating Tomorrow's Stars'), established as an attempt to increase the participation rate. In line with the redress agenda, resources were concentrated on a set of schoolsrather than all the schools -that would become quality sites of science and mathematics teaching (Kahn, 2003) .
The HRD Strategy, which also has its origins in the RDP, is an attempt to operationalise President Mbeki's ideas made in his 2000 and 2001 State of the Nation addresses. In terms of the HRD Strategy Indicator Five: Mathematics and Science Results (DoL, 2001b: 25) 'the problem in mathematics and science has not to do with numbers who passed on higher grade or who obtained university exemptions'. The strategy notes that 'generally, mathematical and science literacy are extremely poor in the entire schooling system'.
In order to arrest the chronic situation the former minister of education, Prof. Kader Asmal, tasked his deputy minister, Mr. Mosibudi Mangena, with a clear utilitarian prescriptionamongst others -to increase the rate of participation of black learners, especially females. Following the Department of Education's strategy to improve mathematics and science, the deputy minister released the names of 102 dedicated mathematics and science high schools as part of a national strategy to improve mathematics and science in schools (Bot and Masehela, 2003) .
Provincial departments were requested to draw their own strategic plans for mathematics, science and technology education for the next six years (2003 -2008) . The provincial plans had to include their vision, mission and commitment to restructuring GET and Further Education and Training (FET) in terms of professional development, provision of resources, new curriculum implementation, delivery, administrative and community support. All these had to be designed in line with the national HRD Strategy for mathematics and science.
The Department of Education earmarked more than R400-million for the promotion of science and mathematics (Mega boost for maths and science, 2001). This financial injection allowed the project to supply schools with resources such as books, satellite television and laboratory equipment, and mathematics and science educators were offered special training sessions.
An audit of the 102 Dinaledi Project Schools indicates that from a total of 307 mathematics and science teachers, 188 (64.6%) have obtained a grade 12 qualification and 177 (56.7%) a diploma as a professional qualification. A few teachers have obtained honours (17, or 5.6%) and the Eastern Cape has the highest number of educators (5) with masters degrees. It is in the light of this background that we can see the growing demand being made on teachers and learners for significant change in the teaching and learning of mathematics, science and technology.
Participation and performance rate
It is now critical to take stock of how these policies were translated into practice in terms of participation, performance and quality higher grade (HG) passes by examining trends since 1996. Participation in this paper refers to learners enrolling for matric while performance refers to the quality of passes, particularly in HG.
South Africa has in the last years witnessed a drop in the number of grade 12 candidates. Table 1 provides a picture of the enrolment trends since 1996. Table 1 shows a decrease in enrolment data between 1996 and 2003. Although the number of candidates passing has been on the increase, it is worrying that the number of candidates enrolling for grade 12 has decreased significantly by approximately 80 000. According to Van der Berg (2004) (De Souza, 2003) .
Of particular significance (cf. Due to structural changes brought about by formal economies changing, with less reliance on industries based on mining and agriculture to reliance on jobs in the financial sector, there is a need for candidates with quality higher grade passes in mathematics and science (National Skills Development Strategy, 2001 ). The National Strategy for Science, Mathematics and Technology Education and the subsequent establishment of the 102 Focus Schools attempts to increase the number of HG passes and eventually respond to the question of supply and demand in the economic sector. If the declining trend of learners writing mathematics and science is not arrested, how will this affect the South African economy?
According to the National Skills Development Strategy (DoL, 2001a) high skilled jobs increased by 20% between 1970 and 1998. The United Nations Development Programme (UNDP, 2001: 28) indicates that science and technology activities require a skilled workforce and human resources development is therefore important. The South African White Paper on Science and Technology (DACST, 1996) , on the other hand, indicates that any national system of innovation requires an enabling framework for socio-economic development in the country. The figures as illustrated in the tables are a challenge to the attainment of the white paper's enabling framework. This is because, despite substantial increments in school resources and a more equitable allocation of resources in mathematics and science, the overall output of candidates has not kept pace with the input. If the above policy pronouncements are not fulfilled, there is a need for structural reconfigurations. Implementation of these reconfigurations and changes will also require urgent attention. 
Performance by province

Performance by Gender
The Education White Paper 2 (1995) recommends that females take these subjects (mathematics and science), which are critical for the further development and growth of our nation. It proposes 'to increase the number of girls in science streams' through the equitable-school based funding formula. The period 1996 -2002 has seen the female performance in mathematics improving substantially, with both the number of female candidates participating growing at a faster rate than male candidates and the gender gap in pass rates decreasing. The percentage of female candidates passing higher grade mathematics was higher in 2002 than that of male candidates. 
Dept
Yr Candidates who wrote Table 6 shows that the number of female candidates that enrol for mathematics is higher than those of males. In fact the number of females is much higher than the number of males in SG mathematics. However, as is shown in Table 2 , the male pass rate in both mathematics and physical science HG has become increasingly higher than that of females between 1996 and 2002. According to Van der Berg (2004) and Perry (2003) , 13.7% of females, as opposed to 10% of their male counterparts, failed the 2003 matric examinations.
The above trend suggests that there are more females participating in mathematics and science, and whether these females come from African schools or former Model C schools is a point that requires further research. It could be discerned from that the above data that if mathematics and science are about participation and performance, males will continue to have access to power, as they will enrol at tertiary institutions in fields such as engineering. And males will resultantly occupy positions and benefits that come with the subjects. (1997) . The technique involves asking one question to the interviewees in a focus group and then allowing respondents to unpack, debate, discuss, and (dis)agree on why South Africa is unable to increase the participation rate of black, and in particular female students. As the interviewer, I merely asked clarifying questions to keep the conversation on track and at various phases of the interviews provided a reflective summary to focus their minds on the main question. Telephonic interviews were also conducted with mathematics and science educators from Free State and Limpopo. The input from this group of educators was solicited because of their contact with the reality of the situation on the ground. Five key themes emerged from an analysis of the interview data. These were:
• Resourcing -The environment at school level is not conducive to increasing the participation rate, and township schools especially lack resources. To this effect a typical response was 'there is a lack of media centres, laboratories, and current, relevant books in schools'.
• Support of teachers at the classroom level -Learning Area Specialists have to undertake regular classroom visits to support teachers in planning their lessons and teaching process. However, as data from the interview indicates, there is little support from Learning Area Specialists at District Level because 'districts are understaffed, under qualified, or have people with no qualifications at all.
• Qualifications -Learning Area Specialists and teachers (including primary school teachers) have to improve their qualifications in order to increase the performance rate in mathematics and science. District officials are increasingly faced with new developments, including the implementation of the Revised National Curriculum Statement (RNCS), and are therefore not able to deal with the professional demands at hand.
• Discouraging learners to continue with the subject -As prescribed by the Mathematical Literacy, Mathematics and Mathematical Sciences (MLMMS) requirements, teachers confirm that 'learners cannot be encouraged to enrol for mathematics in grade 10, especially if they have failed (obtained less than 33.3%) grade 9'. Secondly, teachers discourage learners from taking mathematics and science from grade 11 onwards if they have obtained less than 40% at HG in grade 10. 'If learners obtain between 33.3% and 40%, they can still study at SG'. According to district officials 'teachers are worried that a school's performance will drop' and eventually affect the 'school image'. There is, therefore, a tight selection of learners, and this eventually contributes to learners' repetition of the same grade, to eventually dropping out (cf. Table 1 ).
• Intervention Programmes -There are a number of mathematics and science intervention programmes that have been implemented, and as district officials indicate 'an impact evaluation study is yet to take place'. For example, 'Saturday classes require learners to perform at a certain level, and lessons are often taught at a higher level'. There is, therefore, a mismatch between intervention programmes and the cognitive level of learners attending the programmes. Furthermore, 'there is no remedial programme in place to support learners in need of individual attention, especially learners in overcrowded classrooms'.
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Conclusion
This paper has outlined key policy and legislative initiatives designed and implemented during the two ministerial terms of 1994 -1999 and 1999 -2004 . This paper has attempted to examine the extent to which these policies have been translated into practice with respect to increasing the participation and performance rate in mathematics and science. Although the policy encourages learners to enrol for mathematics and science HG, data indicates that the majority of learners enrol for these subjects at SG level. For example, 30.086 learners passed mathematics HG and 126.709 passed at SG in 2004. This reflects a number of issues, amongst them are:
• A lack of confidence in the quality of mathematics and science education by both education administrators and policy makers. The system is not ready in terms of teacher qualifications and resources to enrol more learners in HG and learners are not confident of passing at this grade level.
• Misinterpretation of policies at school level by pushing more learners into SG.
• Policies have as yet not filtered down to classroom levels hence learners increasingly take these subjects at SG. Although the government laid the groundwork for improvements in the education system in terms of policies, the number of learners passing mathematics and science higher grade has not increased. It could be deduced that results in the first ten years of democracy have not been gratifying. However, it may be too soon to make a judgment compared to what was produced before 1994. However, there is a need to set some shortterm goals by considering targets on year-to-year increments.
The analysis appears to show that while a lot has been done in terms of policy designs and implementation, a lot more remains unachieved. However, an understanding is slowly but surely emerging that policies have been taken seriously and will yield better results in the near future. For now we may feel dissatisfied with the numbers but the context and where we come from should be important. Following Jansen and Sayed's (2001) argument, it is plausible to study these policies in the context of the government having laid the groundwork for long-term and sustainable improvements in education. Finally, the Dinaledi schools project presents just one case of government initiative in terms of operationalising government policies with respect to the HRD Strategy. We recommend that these schools should not be pressurised to produce immediate results. In as much as it takes time for a plant to grow, it takes time for policies to produce immediate results. 
